Abstract-A study was conducted to formulate a decent quality salted dry ribbon fish (Trichiurus haumela) using solar tent dryer. Sodium salt and turmeric (Curcuma longa) powder were used as ingredients. The quality changes during different storage conditions were examined using organoleptic, biochemical and bacteriological assessment. The contents of moisture, protein, lipid and ash were measured as 17.16˗24.90%, 50.95˗56.47%, 4.97˗7.12% and 12.74˗17.20%, respectively within 42-46 hours of drying condition. The bactericidal effects of salt and turmeric on dried fish were studied. The turmeric treatment significantly reduced bacterial growth (P<0.05) than that treated with salt. The lowest bacterial load of 2.1×10 5 cfu/g was found in turmeric treated samples, followed by 2.4×10 5 cfu/g in salted samples and the highest of 3.0×10 5 cfu/g in control samples within seven days' storage condition.
seasonal. During fish harvesting season, the catch is much higher than the consumers demand. The bulk catch is, therefore, becomes difficult to transport to distance districts and city markets. Hence, there is a necessity to preserve and transport fish in a methodical way to keep the product in good and acceptable condition.
There are different forms of fish processing methods, which have been practicing in Bangladesh. Among them, drying, freezing, salting and smoking is most common. Sun drying is one of the most important economical methods of fish preservation and the product plays an important role particularly for nutrition supply to the underprivileged and economically disadvantaged people. About 20% of the artisanal catch is sun dried and consumed in the domestic market [9] . However, the organoleptic and physical qualities of most of the old-fashioned sun dried products available in the marketplace are not safe for human consumption [10˗13] . Dried fish absorbs moisture from air, resulting in a higher water activity which is advantageous for microbial growth. Insect infestation is also very common [14] . Fat oxidation is a common dispute during storage. Consequently, as much as 25% of the flesh is lost and the products' price drops to half [15] . In tropical climates, heavy infestation of unsalted dried fish by blow-flies under humid conditions may cause up to 30% loss of the product [16] . The quantitative losses through spoilage and insect attack on dried fish have been estimated to be 10% to 35% in the marine areas [15, 14] . In Bangladesh, a large quantity of dried fish is spoiled each year due to inappropriate drying, preservation and storage facilities, particularly, during the high yield season [17] .
A number of methods are used to improve the quality of traditional sun dried fish. Salting before drying and incorporation of various herbal preservatives have been practiced to improve the quality of dried fish [18, 19] . Salting before drying, is therefore, widely practiced in marine fish drying yards of Cox's Bazar, Moheshkhali, Sonadia and Teknaf area. Other methods, like, use of herbal preservatives˗ turmeric and chili powder are also common in the Cox's Bazar and Sonadia area. These herbal preservatives have a repelling effect to beetles and mites associated dried fish [20] . Hence, there have opportunities to utilize salt and turmeric to produce supreme quality dried fish. The most popular and locally available marine species -ribbon fish was selected for the study under different treatment conditions using salt and turmeric. The traditional sun dried technique was used in controlled condition for production of high quality dried products.
II. MATERIALS AND METHODS

A. Study area
The study was conducted in the Cox's Bazar, Bangladesh ( After receiving, 30 fresh raw samples were graded according to size, washed with potable tap water and gutted accordingly. The samples were washed again with potable water to remove blood, slime and other undesirable substances. The first ten samples were kept as controlled sample. Another ten sample fishes were soaked for three hours into 20% salt solution. Then, the remaining ten sample fishes were split longitudinally and turmeric powder was mixed at 1% ratio with fish. The fishes were divided into three treatments:T 1 (controlled), T 2 (Salt treated), T 3 (Turmeric powder treated).
The fishes under different treatments (T 1 , T 2 and T 3 ) were transferred to the drying facility, made of bamboo splits. The whole structure was covered with small meshed mosquito net to control flies. Some samples of ribbon fish were placed outside the net. The drying time ranges from 72 to 96 hours. The dried fishes were finally graded according to size and quality..
C. Organoleptic Quality Assessment
The sample of dried products were taken on a tray to assess the organoleptic characteristics such as color, odor, texture, broken pieces and insect infestation by a four member panels of experts from the Department of Fisheries Technology, Bangladesh Agricultural University, Mymensingh.
D. Analysis of proximate composition
Proximate composition analysis of moisture, ash, lipid and crude protein were carried out according to the methods given in AOAC [21] with certain modifications.
Moisture
The moisture content was estimated by using the following formula:
Where, E = weight of moisture, C = weight of sample.
Ash
For determination of ash content, the following formula was used:
Where, E =Weight of ash,
C=Weight of sample
Lipid
The following formula was used for lipid determination: 
Crude protein
The total nitrogen value was obtained by the following formula:
The amount of crude protein is then calculated by multiplying the % total nitrogen with protein conversion factor (6.25).
E. Determination of total volatile base nitrogen (TVB-N)
Total Volatile Base Nitrogen (TVB-N) was determined according to the methods given in AOAC [21] with certain modifications.
The TVB-N value was calculated by using the following formula:
TVB-N (mg/100g) = wt. Sample 100 1 0.14 titrant of ml    TVB-N is used for the determination of the spoilage level during the storage period [22] .
F. Microbiological Analysis
Standard plate count expressed as colony forming units per gram (CFU/g) were determined by utilizing consecutive decimal dilution technique, using pour plate method [23] .
Sample preparation and Incubation
One gram of samples (gills, sediments and intestinal contents) was added with 19 mL sterile saline peptone water. The mixture was homogenized in a stomacher blender with the diluent for 30-60 second to prepare 10 -1 solution. 1 ml of the initial suspension (primary dilution) was transferred into a McCartney bottle containing 9.0 ml. of sterile peptone salt solution at room temperature and were mixed thoroughly by vortex for 5-10 second, to obtain a 10 -2 dilution. These operations were repeated using the 10 -2 concentration and further dilutions by using at each dilution a new sterile pipette to obtain 10 -3, 10 -4 , 10 -5 and 10 -6 dilutions.
Total bacterial count (TBC)
One mL inoculum of each sample was taken by a micropipette from different dilutions. Then, the inoculums were transferred aseptically into the sterile petri dishes with duplicates. The prepared plate count agar was poured into the sample plated and mixed homogenously. The plates were kept in the laboratory room temperature until the agar dried up, after sufficient drying the plates were incubated at 30°C for 72 hrs. Plates containing 10-300 colonies were considered to calculate bacterial population, recorded as cfu per unit of sample by using following formula:
∑ C is the sum of the colonies counted on all the dishes retained from two successive dilutions, and where at least one contains a minimum of 10 colonies; V is the volume of inoculums applied to each dish in milliliters; n 1 is the number of dishes retained at the first dilution; n 2 is the number of dishes retained at the second dilution; d is the dilution factor corresponding to the first dilution retained {d=1 when the undiluted liquid product (test sample) is used}.
Statistical Analysis
One-way analysis of variance (ANOVA) followed by Posthoc LSD test was done to show the significant effects of Turmeric treatment on reduced bacterial growth, using SPSS (Version 22). The data on TBC obtained from dried fish samples were analyzed in completely randomized design (CRD) using computer package MSTST-C [24] .
III. RESULTS
A. Quality assessment of sun dried ribbon fish
The organoleptic parameters such as color, odor, texture, insect infestation, presence of broken pieces and overall quality of sun dried ribbon fish (T. haumela) were examined. The color of T 1 and T 2 was slightly brown and T 3 was slightly yellowish. Yellowish color of the dried products indicates that the fish was treated by turmeric powder. Texture was firm and flexible with characteristic odor. Infestation was found after 90 days of storage at T 1 which were in air exposed condition. The overall qualities of all the three dried fish products were excellent.
B. Proximate composition of dried products
Moisture content in sun dried ribbon fish (T. haumela) initially after drying was in the range of 17.16˗24.90% with the highest in T 2 (salt treated) fish and lowest in T 1 (control) ( Table 1 ). Protein ranged from 50.95 to 56.47% with the lowest and highest value found in T 2 (salt treated) ribbon fish and T 1 (control) ribbon fish, respectively (Table 1 ). Lipid and ash contents ranged from 4.97% to 7.12% and 12.74% to 17.20%, respectively. On dry weight basis, protein contents of this species were in the range between 61.25 and 72.62% with the highest value in T 1 (controlled). Ash content was in the range from 15.57 to 21.90%.
C. Food quality
Generally, food quality of the dried products was analyzed by determining total volatile base nitrogen (TVB-N) [25] . The results of the total volatile base nitrogen (TVB-N) are presented in Table 2 . TVB-N values of sun dried ribbon fish were in the range from 17.19 to 20.67% with the lowest value in T 3 (turmeric treated) fish and the highest value in T 1 (without salt and turmeric) ( Table 2 ). The TVB-N values of all the samples were found to be lower than the recommended value (100-200 mg/100 g) for a variety of salted and dried products [26] . 5 CFU/g, respectively (Table 3 ). It was observed that bacterial load was decreasing during the drying period day by day at controlled samples ( Fig. 2) . 5 CFU/g, respectively (Table 3 ). It was observed that bacterial load was decreasing during the drying period day by day (Fig. 3) . (Table 3) . It was observed that bacterial load was decreasing during the drying period day by day (Fig. 4) . Drying of ribbon fish was completed in seven days. During this period, highest bacterial load was found in controlled ribbon fish at D 7 and lowest bacterial load in turmeric treated samples at D 7 .
IV. DISCUSSION
The study was conducted to investigate the shelf life of sun dried ribbon fish (T. haumela) under different storage conditions. The study included: drying under controlled condition (improved tent drier), examination of organoleptic parameters, proximate composition analysis, biochemical (TVB-N values) and microbiological analysis. The performances of salt and turmeric treatment against insect infestation and different storage conditions were observed using polyethylene bag, gunny bag and in air exposed condition. The organoleptic characteristics (color, odor, texture, insect infestation, presence of broken pieces) of salt and turmeric treated dried ribbon fish was good except infestation occurred after 90 days in the untreated air exposed dried fish. The salt treated dried ribbon fish was observed to have highest moisture content, irrespective with lowest protein, lipid and ash contents. This finding was similar to the results obtained by Prodhan et al. [27] and Kwon et al. [28] . However, the dry weight basis moisture contents were highest in the controlled ribbon fish, which was more or less similar to that found by Prodhan et al. [27] Afroz et al. [29] , who studied the dried spotted Spanish mackerel and dried sword fish, respectively. Mansur et al. [30] showed that moisture content of traditionally dried fishes was ranged from 10.77 to 18.32% and tent dried fishes from 9.93 to 11.28%, protein content of traditionally dried and tent dried fishes ranged from 51.52-79.29% and 60.07-72.51%, and fat content ranged from 2.81-11.76% and 6.43-14.99%, respectively, indicating that the tent dried products were superior to commercially available traditional products. Ahmed et al. [31] mentioned that solar dried fishes contain an augmented percentage (%) of protein and fat over the traditional sun dried products. Frazier and Westhoff [32] reported that, moisture content below the level of 15% are responsible for retarding the growth of microbes (yeast, mold and bacteria) in dried products. Sen et al. [33] stated that when water content of fish found below 25% of wet weight, bacterial action stopped and when the water content further abridged to 15%, mold ceased to breed.
The turmeric treated ribbon fish showed minimum TVB-N values, which were ranged from 17.19 % to 17.73% compared to salt treated and untreated products. Reza et al. [34] observed that the total TVB-N content were 5.3 to 19.0 mg/100 g in traditionally sun dried ribbon fish. According to Connell [26] , the upper limit of TVB-N is 30 mg/100 g, which certify the acceptable level for fin fish dried products. However, the results of this study revealed that TVB-N content in the dry ribbon fishes is very close to the findings of the previous studies and are within the acceptable limit.
Microbiological analysis was conducted during the drying of ribbon fish. The study observed the treatment-wise bacterial growth trend in ribbon fish and the gradual growth of bacteria at controlled condition during drying period. The salt and turmeric reduces the growth of bacteria significantly. In comparison between turmeric and salt treated ribbon fish, turmeric reduces bacterial growth more effectively than salt. The minimum bacterial load (2.15±0.07×10
5 CFU/g) was found in turmeric treated samples. Kamaruzzaman [35] and Sultana et al. [36] have studied the microbiological assessment of different fish species from Bangladesh but no such study on the bacterial load of turmeric treated dried fish were found.
V. CONCLUSION
This study was performed to produce good quality dried ribbon fish (T. haumela) by combining the effect of both salt and turmeric. During this study, it took around 42˗46 h in the tent dryer covered with mosquito net to complete the drying process. In ribbon fish, the moisture content fell from an initial value of 72% to a range of 17.16˗24.90% with the highest in salt treated and lowest in control samples. Protein content ranged from 50.95 to 56.47% with the highest value in control samples and the lowest in salt treated samples. Lipid and ash contents were also ranged from 4.97 to 7.12% and from 12.74 to 17.20%, respectively. In comparison to salt treated and turmeric treated samples, the study found turmeric reduces bacterial growth more efficiently than salt treated ones. Salt and turmeric treatment protected the dried products against insect infestation during storage, thereby increased their shelf life during storage. From the present findings, it can be concluded that marine dried fish can deliver adequate nutrition and this method might be very useful for the production of noble quality dried fish to meet-up the domestic and international market demand to a greater extent.
